TEMPORAL AND SPATIAL CHANGES
OF CLIMATE ELEMENTS IN
HUNGARY

PRECIPITATION




¢ As the climate of Hungary tends to drought, temporal and spatial
distribution of precipitation has of special importance in agriculturala
nd ecological point of view.

Precipitation in Hungary: is generally less than the requirement of
vegetation. A csapadek altalaban kevesebb, mint a vegetacio

igénye. The climatic water balance is negative in the substantial part
of the country.

Mean monthly and annual sums of precipitation
in Hungary, mm, 1961-1990
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Temporal dynamics of precipitation

The annuall cozrse of precipitation shows double wave. Minimum
precipitation falls' in January. This is due to the low vapour pressure
and freguent: anticyclonic large-scale weather situations (Siberian
maxinmum).

Most of the precipitation falls between May to July. This may be
associated with the maximum| Vapour pressure;, near the Medard
cyclone; activity, and the Intensiiying| convection.

Maximum! precipitation; shews! slight temporal delays in different
iegions off the country.

Inrtheiransdanupian Hillsfand the Bakomny: areal thelmost
precipitation ecchrsinivay, imVest Hungan/Am Uiy, WhlleNnrthe
Major part off the countiy in JUNE.




Temporal dynamics of precipitation

A secondary maximum, of precipitation canialso be observed at
autumn (October-November) in South Dunantul and in the south-
east slopes of Dunantuli Medium-high Mountains.

[t comes from the rains of warm fronts of the Mediterranean
cyclones (Genoal cyclones) originating| from; Ligurian: seal area.

It IS not uncommon that, due torabundant autumn rains, winter hal-
vear Is wetter (in 20-30%) of the cases).

Grieater precipitation off the winter hali-year Isi most SpeCific to the
South Dunantil area showing| Mediterranean effects. In'Alfoldon the
summer is,wettertin 80-90%:; of the cases.

Tihe secondary maximumein autumn s Weakening firom: south=-wWest
te nerthEeast direction:

e annual st off precipitation may: shew: up te) 2.5-old
HUctUations Year byAVea IS S the most Variable climatic element:
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Mean summer - winter sums of precipitation
in Hungary, mm, 1901-1950
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In the dryest years 290-350 mm precipitation falls in Alfold area,
while in wetter years even 800-900' mm precipitation was measured
there. In West-Dunantul precipitation totals exceeding 1000 mm
are not uncommon, during these years.

In any month may: eccur complete lack of prrecipitation.

Llong-term average of the number of rainy days Is aroeund! 120 days
for the whole, so) theoretically’ every: third daysi Is rainy: day. (Rainy.

day: the amount of precipitation| reaches at least 0.1 mm.)
Iihe length) of the longest rainy: periodi was 52 days.

In summer, frewuently: occur monthly: rainiall ameunts off 200-3500
MM

Since 18701 the Biggest annual amount off precipitation was
measured at PEcs) city (1204 mm)iin: 1896, while the; smallest Wasiat
Szeged eIty (216 mm)) ink2000:




The highest annual precipitation amounts
in Hungary, mm, 1881-1992
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The lowest annual precipitation amounts
in Hungary, mm, 1881-1992

M.magyarovar Zalaegerszeg Pécs Budapest
1989 426 1917 [ =932 1990 458 1990 415
1908 407 1953 5035 1957 446 1986 414
1978 407 1971 502 1921 440 1961 400
1917 387 1908 | 496 1983 439 1973 400
1932 327 1932 | 449 1971 397 1992 363

Kecskemét Szeged Turkeve Nyiregyhaza
1935 | 386 1961 | 363 1934 | 391 1962 | 364
18906 | 361 1973 | 350 1973 | 391 1917 | 360
1946 | 360 1917 | 347 1992 | 388 1904 | 359
1982 | 337 1983 | 347 1917 | 351 1972 356
1983 334 1977 | 339 1983 342 1986 | 353
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Geographical distribution of the mean annual precipitation
amount in Hungary, mm




The spatial distribution of precipitation is mainly influenced by the
combined effect of the increasing distance from the ocean
(weakening oceanic effect) and the topography.

In Dunantul area, parallel to the weakening oceanic effect, mean
annual precipitation total decreases from 800 mm to 550 mm), from
south-west tor north-east direction.

1o the east from the Danube River, in Alfold area mean annual
precipitation total decreases concentrically: fromi 550 mm te 500

mm, WhIChI cani be traced back to the basin chiaracter ofif Alfold area.
In Hortobagy: and Tiriple-Koros areas 480-500! mm precipitation falls
PEr Vear, while inl Szatmar-Beregi-Plain this quantity is: up: to 600
mm.

Iherensitwo-teld difference in the anntial pecipitation ameunt
betwen! the central part of Aliold (Great Plain)rand\Vest Dunantul.

IR MOSst Pakts e the meditm-high moetntainst ol iHURgary tetal
annual precipitationrgenerally exceeds, 600 mm




Mountains in Hungary, due to the orographic precipitation
formation, show precipitation surplus compared to plains.

On average, an increase of 100 m above sea level is associated with
around 50 mm precipitation growth per year.

However, the anomaly cannot be unifermly detected! in the
mountains.

Tihis precipitation growth is the strongest in the luv side off the
mountains, perpendicular to the prevailing wind: direction (High-
Bakony). However, in the opposite (lee) side negative anomaly may.

also eccur (Borzsony: Mountain):

Height (m)
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Kisalfold
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Geographical distribution of the mean precipitation total (mm)
during the growing season in Hungary




Precipitation amount fallen within the growing season (between
April and September) is important in agricultural point of view.

On national average, this amount isi55-65% ofi the annuall total
precipitation.

Regional distribution of this quantity. is similar te that off the annual
total precipiattion;. However, we should nete that the central part of

Aliold areal (Great: Plain)iis extremely: dry.

Altheugh the: grewing| seasen Isi Wetter thian; the winter hali=year,
rainfiall’ ameunt IR the grewing seasen| only: wWith: the; Water amount
coming frem: snow! mElting is: sufificient fior vegetation:




Freguency of precipitation amounts exceeding
different threshold values

Besides quantity, the intensity (i.e. precipitation fallen during/ a unit
time: hour, minute; in other word hour- or minute- ntensity) is also an
Important feature of precipitation).

This Is an Important parameter, In respect of the efficacy of infiltration
and soll erosion processes.

Water of an intense rainfall infiltrates;less;, and the impact of its
raindreps of high kinetic energy: strongly: destroy soil aggregates.

It s calculated omn ombrograph data. Days With! precipitation amoeunts
exceedingl the following threshoeldsiare; used to)be classified: cs > 0.1
M, €s' > 1 mm, €s > 5 mm and cs > 10rmm (Csk daily: precipitation
AMOURL):

Intensity N thermest NEaviestiSNeWEnS May. reach evenr =S mmyminutes
HEWEVEL the moKeeqUEnt Uit rains provideri mimy/houi
PrECIPIauen:




1) Landslides occur in those areas, where clay or marl layers alternate
with permeable layers.
Cholnoky: —— lanslide — slip, its part is ,,hepe”, often with hepe-lake;

E.g. MezGség, or the Garden of Dragons (Szilagy county) in
Transylvania;

Jeno Cholnoky: The Earth and it life, volume 6;
volume 6: Geography of Hungary, page 492;

~When I showed my students the slips, I warned them, that they can be
immediately recognized on the rough surface (surface with ,,hepe-
hupa”). Transylvanian boys are not familiar with this word and one
Jokingly said that surely those sleep hills were the ,hupa” and the
hollows between them the ,hepe’. The joke was successful, because
sence then these forms have been named so, and recently these
morphological terms have been generally accepted; namely, hupa is a
hill generated by slips and hepe is a hollow. Water frequently
accumulates in the latter forms: this is the hepe-lake.”




2) Landslides occur in those areas, where steep loess surfaces
are found (e.qg. in the eastern basin of Lake Balaton, or along
the right bank of the Danube, as Dunaféldvar, Paks and
Dunaszekcso).

The loess pores are easily saturated with water —— loess
walls may burst off the steep loess surfaces;

In wet years the damage could reach 10 billion HUF;
In loess areas the collapse of loess walls can be prevented

with contructing of slopes and installing of soil-bounding
vegetation;




Examples:
e the tunnel in Balatonakarattya is approaching towards the Lake
Balaton by 1-2 cm per year,
e the railway station in Balatonvilagos is slipping otwards  the lake
Balaton,
e Holl6haza, Ercsi and Racalmas are also struggling against hillside
movements.

Professional recommendations:

e construction works are prohibited within the distance from the
loess that equls with the height of the loess wall;

e geological survey of the settlements, to determine areas being
under prohibition from building permit;

e insulation of the sewing system (in the absence of this, will
cellars collapse.




Annual number of days with daily precipitation (dp) exceeding different thresholds

dp > 0.17 mm”
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The number of rainy days is not closely related to the spatial
distribution of the annual total rainfall. In the middle, dry parts of
Alfold area (Great Plain) the annual number of rainy days is little
(around 110 days). At the same time, the most precipitation falls at
altitudes higher than; 700 m above sea level and in the Szatmar-
Beregil Plain (135 days).

Bigger rainfalls are clesely associated with the tepography.

Precipitation above; 1 mmj| per day: 0ccurs on less than 75 days and
95-100rdays per'year ini thermiddle parts of Aliold (Great Plain) area
and in West-Dunantul, respectively.

Precipitation’ aboyve 5 mimi per day: occurs 55-40rdays and 45-501days
pervear in the middle; parts o Alficld (Great Plain) area and in West-
Dunantul, respectively.

Precipitation’ apoeyver 10Nmm) per aay: 0celrs < 15 days peryearin the
middle parts ofAlicldN(Great Plain) arearand > 25 days per year in
\West-Dunantl, respectively.




/5% of the total duration of the precipitation is below 1 mm/hr of
rainfall intensity, resulting in 30% of the total precipitation amount.

Moderately-intensity rainfall (1-5 mmj/hr) takes 22% ofi the annual
duration of precipitation, resulting in 50% of the total precipitation
amount!

High! intensity: (above 5 mmy/hr) rainfall occurs only during 2%, of
the total rainy days; however, this involves) 20%: of: the; total annual

rainfalllamount!

Accordingly, thessignificance; off the meditunm-~and RIgh INtERsIty,
rainiall facilitating eresion isioutstanding.

A thundersterm Origin: eresion risk Index Isi Used! o evaluate the soil
Eresion iImpact of fireguent highrintensity: precipitations
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Thunderstorm origin erosion risk index (indices)

in Hungary




Extreme high precipitation; amounts for Hungary.
(rainfall intensity):

Duration, Amount, o Amount, -
minute mm Location Duration | mm [ Location
- | g g e i
1 min _ Budapest 1 hour S0 Zsombok

min Somogyszi. | 2.5 hour 125 Téglas
min 21 Mismatet6 4 hour 132 Paty
min | 37 Nagykata 1 day 260 Dad
min | 4 Vasvar 1 month | 444 Dobogokd
min | 7 | Mezéberény

|
|
|
|
|
‘
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Mean number of thunderstorm days in Hungary




Thunderstorms and hails

Thunderstorm is on eor more electrical discharges, accompanied with
flash of light and sharp or rumbling sound. In all cases it is related to
the formation of Cb, furthermore usually strong gusty winds and
heavy shower and hail.

Thunderstorms occur most ferquently in Matra- and Dunazug
Mountains, in South-east Alfold (Great Plain) area and in Szatmar-
Beregil Plain (above 30 days/Vr).

Tihe lowest fireguency: of thunderstoerms 0ccurs in the middle parts of
Aliold (Great Plain) areal (belew: 20: days/yir):

Thunderstorms fireguently invelve; hails) i in the top off the
thunderstorm| clovudl the; the tmeperature Is well belew: 0°C and the
upwelling is extremely: streng.

ihe most: hall eceursiin Uiy (20  occasionsias average el many,
years), While the fiewest inf December (0:4° 6CCasiens asf aveiadel ol
MEnNyAVEarS):

Hails occur in Hungary along so) calledt, hail paths™ namely, Matra-
and Blkk:Mountains, Kemeneshat, Villanyir Motintain and Hajduhat.




Mean number of days with hail in the growing season in Hungary




Snow and snow cover

A specific feature of the climate of Hungary is that snow: is falling even
in the mildest winters, although its amount varies between wide ranges
from year to year.

In Alfoldl (Great Plain) area It i1s snewing on average 18-22 days per
year. It is smowing 25-30 days in Dunantul and the hilly aeras, 30-40
days in the mountains and 50-60 days above 700 m height from the sea
level.

Iihe water equivalent precipitation fiallensin the; fiernm off snow! Is between
40-170 mm| on averade. At the same time;, abeve 400 m| height frem the
seal level it exceeds 100/ mm everywhnere.

In West-Dunanttl area, the milder winters result in onraverage 80-120
MM Water equivalentssnow amount peryear (the effect off Genoa
cyclone):

Alfoldi(Great Plain) area chiaracterized by harshi WiIRters provides on
average armere40-60 mmiwatereduivalent snew: ameunt pEer Vear:

e shiake off snew firom the annlal precipitation amount inpAliold (Great
Plain)rarealis onlaverage 7-10%:;, infSouth=west-Dunanttl 10-15%), while
IR EHE MoURtaINS 15-2056;




Mean annual amount of the water equivalent snow in Hungary




After snowfall, if the tempertatureremains permanently below 0°C, the
SNow cover s retained for longer or shorter periods of time. The days
when the surface is covered by at least 1 cm thick complete snow
cover, are called snow-covered days.

The least number of snow-covered days occur In the middle parts of
Alfold (Great Plain) (30-35 days), where; the amount of snow: fallen is
scarce.

The number of smow-covered days in the most parts of Dunantul area is
between 40-45 days, due to the moere snew: andl despite therhigher

average temperature in January.

Inrthe medium=-highr meuntains the nUmbEr off snew-covered days
exceeds| 50 days, however above; 700 m: from the;seallevell 100-120
SNOW-COVEred days Oeeul:

I BunzantulfMeditim-highrMountain, every/ 100 miincrease) in the height
oM seallevelinvelVves Srdaysincreaselin SnoW-Covered days:

InrsemewWintersine completersnow: coverreccurs inAliicld (Great Plain)
area, While Inether Wintersi snow remains thererthroudh  80-100 days.
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Mean annual number of the snow-covered days in Hungary




Snow-cover thickness is also an important climate parameter. By
averaging maximum snow-cover thicknesses of different winters, we
obtain mean maximum snow-cover thickness.

This value is about 15-20 cm in the cold and snowy: Alfold (Great
Plain) area.

At the same time, this value is 25-40 cm in Dunantul-Hills.

In the medium-high mountains and: in the edge of West-Hungary,
this value is 30-501 cm.

Itsivalue exceeds) 50 cm above; 500 m height firom seallevel.

Every 100 m increase in: the: height: from| seal level invoelves 9 em
Increase in' the national value; of thermean maximum| SNOW-CoVer:
thICKAESS.

InrAliolaN(Great Plain) area there are Winters When there s no
measuable thickness off SnowW-Cover and, at the same; time, also
Winters winenia complete, 60-801Cil thiCk aneW-CoVer GECUrS: e
ational extiemerthickisneow: covertis L5 cmi(Februarny/ 1947,
Koszed-Stiajerhazak)
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Mean maximum snow-cover thickness (cm) in Hungary




o Micro-precipitation: It s fiormed When Water Vapour: CONCENSES on
the striace and different objects below 0°E.







Rime

Rime! Is a type off micro-precipitation condensed and deposited on
branches of trees or edges of different objects below 0°C
temperature from flowing mild and humid air and forming ice
needles.

Due to makingl a significant overload, they may break off branches
of trees and overhead! cables.

Due to its potentiall severe damade, this isithe only regularly.
Measured micre-precipitateion; In' Hungary, a rime measuring
NEtWork as Been Workingl since; the winter of 1967/68.

JiNe most rmy. areas N Hungary ane  thermeuntains, Where the
meani annual number o rimy daysiexceed 30 days, While intAlficld
(Great Plaim)rarea thisiVallue s eniy 4=6rdays;

A'signfiicanzt amount off rimeNmay. e depositedreventin Iess rimy,
alieash




Maximum deposited rime (g/m) in the function of the height
above sea level in Hungary, 1968-69 - 1977-78

station ' Height above Mass of the
| ' absolute maximum

- sea level (m) ' deposition (g/m)
1015 | 2160

Harskit | 480 | 1020
Csoszpuszta 461 | 584
Nagyirtaspuszta 420 | 738
Isztimér - 267 1022
Szentgotthard 226 310
Szombathely 224 340
Godollé 218 316
Tihany 170 600
| Debrecen 111 768

Kékestetd




Mean annual number of the rims days in Hungary

...|...,....| L_.
.....L.-.r...nu.-.-h._"._...nu...u.hur










